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Objective: Accurate determination of the severity of bumn is essential for the care of ther
mallyinjured patients. We aimed to examine the accuracy and precision of TBSA calculation
performed by specialist military burn care providers and non specialist but experienced

Keywords: military clinicians.

Burn wound mapping Methods: Usinga single case example with photographic montages and a modified Lund and
Military bums Browder chart, thetwo cohorts of clinicians were each given 10 min to map and calculatethe
Precision case example TBSAinvolvement. The accuracy and precision of results from the two cohorts
Accuracy were compared to a set standard %TBSA.

Results: The set standard %TBSA involvement was 64.5%. Mean %TBSA mapped by non
specialists (52.53 + 10.03%) differed significantly from the set standard (p < 0.0001). No
difference was observed when comparing results from the burn care providers
(65.68 + 10.29%; p =0.622). However, when comparing precision of calculation of TBSA
burned, there was no evidence of a difference in heterogeneity of results between the
two cohorts (F test, p = 0.639; Levene’s test, p =0.448).
Conclusions: These results indicate that experienced military bum care providers overall
more accurately assess %TBSA burmed than relatively inexperienced clinicians. However,
results demonstrate a lack of precision in both groups.
Crown Copyright © 2013 Published by Elsevier Ltd and ISBI. All
rights reserved.

Emergency Management of Severe Burns (EMSB) course
(http://www.emsb.org.uk). The extent of the burn, expressed
as a percentage of the total body surface area (TBSA) is a

1. Introduction

Severe burn is a significant threat on current military
operations and likely to remain so for the foreseeable future.
Burn injuries continue to comprise approximately 5 10% of
casualties injured during modern conflicts, including recent
combat operations in Iraq and Afghanistan [1 3]. Assessment
and management of burn casualties encountered on UK
operations is taught according to the principles of the

fundamental concept for burn care and research. First
described in 1860 by Holmes [4], the idea was developed
further by Berkow [S], and remains the foundation of every
burn resuscitation formula in common use around the world.
Several methods are described to calculate the TBSA burned.
The modified Lund and Browder chart is presently advocated
ondeployed operations as the most accurate method [6]. In the
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potential absence of deployed personnel with specialist
training and experience in the management of burned
casualties, clinicians of varying backgrounds may be required
to perform burn mapping and TBSA calculation using a
modified Lund and Browder chart.

Considering the risks associated with TBSA cut offs for
expectant management of host national casualties, and those
associated with inaccurate fluid resuscitation, the aim of this
study was to assess the accuracy and precision of TBSA
calculation by experienced and relatively inexperienced UK
military medical, nursing and allied health personnel, using a
modified Lund and Browder chart.

Our null hypotheses were that (a) deploying medical
personnel of all specialties can accurately map and calculate
TBSAburned and (b) experienced and inexperienced clinicians
are equally precise in their mapping and calculation of TBSA
burned.

2. Methods

The Military Operational Surgical Training (MOST) course is
run in conjunction with the Royal College of Surgeons of
England. The course is the primary means by which deploying
UK Armed Forces general, orthopaedic and plastic surgeons,
anaesthetists, emergency physicians and nursing and allied
health personnel are clinically updated for active service on
operations. Two consultant burn surgeons, both members of
the MOST course faculty, were provided with high quality
photographic montages of a single burned casualty, encom

passing all areas of the body, with additional photographic
detail showing the hands, flanks, buttocks, thighs and
perineum. Neither had prior knowledge of the burned casualty
used in the montage. Blinded to each other’s calculation, they
independently mapped and calculated the TBSA burned.
Based on the combination of these surgeons’ civilian burn
and deployed military experience, these calculations set the
standard against which results were measured.

Participants on one MOST course were each provided with
the same high quality photographic montages and modified
Lund and Browder charts. No training in the mapping and
calculation of burn surface area was given before the study.
Each participant independently mapped and calculated the
TBSA burned from these montages. Trade or profession and
specialty were recorded. Ten minutes were permitted for the
mapping and calculation. A similar study was subsequently
undertaken at a meeting of the Combined Services Plastic
Surgery Society (CSPSS). This meeting is attended by burns
and plastic surgeons, and specialist burns and plastic surgery
nurses from the three arms of the UK Defence Medical
Services. The same photographic montages were provided to
meeting delegates, and 10 min were permitted for mapping
and calculation of TBSA burned. Lighting conditions were
similar to those at the MOST course, and no training in the
mapping and calculation of burn surface area was given prior
to the study. Participants from this cohort were asked to
provide their trade or profession and grade.

Comparison of the accuracy and precision of TBSA
calculation was made between the two cohorts and between
these cohorts and the set standard. Statistical analysis was

conducted by the use of two tailed, one sample and two
sample t tests to determine differences in means. The F test
and Levene’s tests were used to examine for differences in
precision of results between the two cohorts. A significance
level of p < 0.05 was set.

3. Results

The two consultant burn surgeons independently mapped the
TBSA burned to within one percent (64% and 65%). The
standard was therefore set at 64.5%.

Forty results were available from the MOST cohort (16
Surgeons, 10 Anaesthetists, 2 Emergency physicians, 10
Operating department Practitioners and 2 Registered Nurses).
Twenty results were available from the CSPSS cohort (5
consultant burns and plastic surgeons, 7 registrars in burns
and plastic surgery, 3 senior house officers with a declared
interest in burns and plastic surgery, and 4 burns and plastic
surgery specialist nurses). The numbers in each subgroup
were too small to permit valid subgroup analysis.

TBSA calculations from the MOST cohort ranged from
37.5% to 73.5% (mean (+SD) 52.53% + 10.03%). Calculated
TBSA from the CSPSS cohort ranged from 48% to 85%
(mean 65.68 +10.29%) (Fig. 1). The MOST cohort results
differed significantly from the standard (p < 0.0001, one
sample t test) and from the CSPSS cohort (p < 0.0001, two
sample t test, difference in means 13.15%). The CSPSS cohort
did not differ significantly from the standard (p 0.622, one
sample t test). Comparison of the precision of calculations did
not show any evidence of a difference in heterogeneity of
TBSA calculation between the MOST cohort and the CSPSS
cohort (p 0.639, F test; p  0.448, Levene’s test).

Null hypothesis (a) is therefore rejected. Conversely, null
hypothesis (b) cannot be rejected.

4, Discussion

Severe burns present a major challenge to health care teams
both in the civilian and the military setting. Accurate
assessment of the TBSA burned is essential to the provision
of good quality burn care. Several methods are described to
calculate the TBSA burned, including the Rule of Nines [7],
serial halving[8], and modified Lund and Browder charts [9,10].
The technique of serial halving and the Rule of Nines both give
an approximation of the extent of the burn injury. This is
thought to be adequate for assessment and triage at the pre

hospital (military Role 1 or 2) stage, but is not thought to be
sufficiently accurate for planning management in a dedicated
burn unit or Role 3 operational medical treatment facility
(MTF). The modified Lund and Browder chart is advocated in
UK clinical guidelines for operations as the best method of
calculating TBSA burned [6]. When possible and appropriate,
burn mapping at the UK led, multinationally staffed Role 3
MTF in Camp Bastion, Afghanistan is carried out after the first
burn debridement in the operating theatre, which is located
immediately adjacent to the Emergency Department. Very
small burns, and those that very obviously will not survive
may be mapped in the Emergency Department. Medical and
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Fig. 1 - Scatter plot of results from the MOST and CSPSS
cohorts, measured against the standard set by the two
experts. Bars represent means and standard deviations.
p < 0.0001.
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nursing staffs at this facility include experienced burn care
providers, but this expertise may not be maintained in future
operations.

Inaccurate calculation of the percentage burn surface area
is common. A number of authors have examined the
differences in calculations encountered between referring
emergency departments and receiving burn centres [11 14].
The majority of observed errors are attributed to a lack of
accurate mapping or the use of the Rule of Nines, although
Laing et al. [14], in a study of 100 consecutive referrals to a
regional burn centre showed that some assessors over
estimated the burn surface area by errors in excess of 100%,
even when tools such as the Lund and Browder chart or the
patient’s palmar surface area were used.

Other sources of error exist. The palmar surface of the
patient’s hand is often used to approximate 1% of total body
surface area [15 18]. There has been debate regarding the
exact area that should be used [18 20]. The palmar surface of
the hand, measured with the digits extended and adducted,
from the distal wrist crease to the tips of the fingers is
approximately 0.8% TBSA in an average adult male. The palm
alone contributes about 60% of the hand surface area or about
0.5% TBSA. ATLS teaches that the area of the palm (hand
minus digits) is equal to 1% of TBSA. Use of this doctrine,
therefore, will lead to overestimation of the burn size. These
inconsistencies may be exacerbated further by obesity [16,21].

It has been shown consistently that small burns tend to be
overestimated and then over resuscitated by the less experi
enced, whereas larger burns are frequently underestimated
and under resuscitated [22 24]. The large burn used in this
study was underestimated by the MOST cohort, consistent
with the published evidence. The majority of burns encoun
tered in coalition casualties on combat operations are limited

to exposed hands, face and torso and their smaller size may
initially therefore be overestimated [3]. Conversely, larger
burns, more often encountered in host nation casualties, are
often irregular and conform to a 3D surface, which makes 2D
representation difficult [23].

Two previous studies have commented on inaccuracies in
TBSA calculation by experienced burn care providers. Nichter
et al. [25] compared 27 physicians calculations to a computer
determined TBSA burned using a sketch of a single burn.
These authors conclude that the mean TBSA, as calculated by
their ‘expert’ group (n  6) was at variance with the computed
calculation, although less so than that from their most
inexperienced group (n 13). They do not comment on the
heterogeneity of these results. In addition, physicians in this
study were permitted to use any method to calculate the TBSA
burned from the sketch. The majority used the Rule of Nines,
and so the results of this study may be confounded by the
method used to calculate %TBSA burned.

Smith et al. [8] used an ‘expert panel’ of seven burn
surgeons to determine the TBSA burned of eight made up
casualties when examining the utility of the Serial Halving
method. They comment that the expert assessments were so
wide that they had to reach a consensus value, but do not
quantify the heterogeneity in these assessments.

If TBSA calculation is associated with such wide variation
between observers, and the impact on treatment may be so
heterogeneous, should burn care providers aspire to such
highly accurate calculations? The answer is clearly yes
because inaccurate burn wound surface area mapping and
calculation may impact the care of the thermally injured
patient during the entire hospital stay, especially in the
deployed medical setting. Severity of thermal injury encoun
tered during combat operations is used to allocate not only
requirements for initial resuscitation, but also initial surgical
debridement and wound care, level of en route care during
evacuation of coalition casualties, and follow on surgical
excision and wound closure. The initial steps of determination
of severity are scrutinised at each level of care along the
evacuation chain; however, incorrect triage/severity determi
nation will inevitably lead to inappropriate resource allocation
at one or more steps.

In contrast to the care of burned coalition casualties,
decisions about the care of host nation casualties are made in
light of the continuum of care that is available in country. UK
guidelines in this regard have not been formalised, although a
rule of thumb of 40% TBSA full thickness burn is presently in
use. Current US clinical guidelines for deployed medical
providers suggest consideration for expectant management of
host nation patients with full thickness burns involving more
than 50% of the TBSA [26]. Factors other than %TBSA which is
full thickness should also be taken into consideration, and
other models are also available to aid decision making in this
context [27 29]. Each of these models and guidelines are based
to a very large extent on TBSA burned, which makes accurate
mapping and calculation vital.

All presently used resuscitation formulae use %TBSA
burned, along with the patient’'s weight to predict fluid
resuscitation requirements. Use of Parkland’s formula (4 mL/
kg/%TBSA) may lead to over resuscitation. In UK led deployed
medical facilities, a ‘restricted’ or ‘modified Parkland’ formula of
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2 mL/kg/%TBSA is presently used in the calculation of 24 h fluid
resuscitation volumes. Use of this volume calculation results in
significantly lower volumes of fluid resuscitation without
apparent increase in morbidity or mortality [30]. US Armed
Forces clinical practice guidelines advocate using a ‘Rule of 10s’
[31], which generally calculates a fluid volume somewhere
between the true Parkland and Modified Brooke formulae. All
formulae of course provide only an estimate of fluid require
ments and resuscitation requires titration to physiologic
response. Such tight titration, however, may be more difficult
to achieve in the absence of specialised burn care expertise in
the deployed setting, making the accurate and precise
determination of TBSA burned more important.

Using the restricted Parkland formula, the MOST course
mean estimate of TBSA in this study would have resulted in a
1728 mL deficit in the predicted fluid requirement of an 80 kg
patient during the first 24 h. The observed difference in mean
%TBSA in this example is therefore not only statistically
significant, but also clinically significant. Without tight titration
of fluid resuscitation to physiological response, such under
resuscitation may result in hypovolemia and end organ hypo
perfusion.

Over resuscitation is also potentially dangerous. Chung and
colleagues have demonstrated an association between over
resuscitation, development of abdominal compartment syn
drome, and death. Logistic regression in this retrospective study
of 58 military burn patients also demonstrated that over
resuscitation was a significant independent predictor of death
[30].

Most clinical and epidemiological research conducted into
the management of burns use %TBSA burned as a predictor of
outcome. In a majority of these studies, it is not made clear
how the TBSA calculation has been reached. Heterogeneity in
these calculations may influence outcomes.

We are unaware of any previous study examining the
accuracy and precision of TBSA calculation by military
medical staff, or of one specifically examining the precision
of both mapping and calculation using images of a burned
casualty. Our findings show that experienced military burn
care providers, as a group, are more accurate in their
assessment. This finding is consistent with the currently
available evidence from civilian practice. However, we were
surprised to find that results within the more experienced
group were no more precise.

The limitations of this study include its small size and the
use of photographic media rather than a real burn. The use of
mannequins was briefly considered but a convincing represen
tation of aburn wound is technically difficult without detracting
from its complexity, which in the authors’ opinion is most
clearly illustrated by photographic media. The burn portrayed
in this study was shown as a montage of high quality images
combined with a series of close ups to clearly demonstrate
difficult to see areas. The authors believe that these images
provided sufficient quality to map and calculate the actual burn
size. The use of a single case, rather than an assortment of
examples of varying severity may reduce the external validity of
this work to burns of a larger size. The assumption that the
actual burn size, as calculated by the two MOST course faculty
members, was accurate is probably safe given their experience
and the precision of their independent calculations.

Our study suggests that the accuracy of burn mapping and
calculation by a single assessor on a single occasion should not
be assumed, regardless of previous training or experience.

Technology based potential solutions to this inaccuracy
are in use at Role 4 (home base) burn centres [32 34]. Two
dimensional computerised planimetry is employed by a
number of programmes including Wound Flow [34,35], Mersey
Burns [36], Burn Calculator [37] and SAGE II [38]. 3D mapping
software such as EPRI 3D Burn Vision [38] strives to reduce the
error inherent in representing a 3D injury in two dimensions,
but requires greater training in its use. Validation of some of
these solutions has been carried out by comparing mean TBSA
results provided by a varying number of burn care providers
[35,37,39]. These studies have demonstrated high correlations
between computerised methods and manually completed
Lund and Browder Charts. No studies, however, have reported
the heterogeneity of the individual assessments provided
using each method. Each of these solutions still requires an
assessor to input the burn area by drawing it onto a computer
screen or tablet, and therefore the variability in perception and
representation inherent in having a human assess and draw
the burn remains. Potential solutions to this source of error
include 3D MRI and TeraHertz scanning technologies [40], but
at the time of writing, these are not yet proven in clinical
practice, and are unlikely to be deployed in combat operations
in the foreseeable future.

A pragmatic potential solution to this problem, and one
that is likely to have greater applicability in deployed practice,
is for at least two experienced burn care providers, medical or
nursing, to map and calculate the TBSA burned. Comparing at
least two calculations at each time point should ensure greater
precision by allowing for inter observer discussion to ratio
nalise the result. This method is currently being evaluated at
the Role 3 MTF at Camp Bastion. Although it has not yet been
proven to improve outcomes, it is conjectured that this may
lead to a more accurate and precise determination of burn
wound severity.

Conflict of interest

N.AJ.M. and R.F.R. are employed by the British Army and the
Royal Navy, respectively. J.B.L. is employed by the US Army.
The opinions expressed in this article are those of the authors
and not of the UK Ministry of Defence or the US Department of
Defense.

Source of funding

No funding was provided for this work.

REFERENCES

[1] Thomas SJ, Kramer GC, Herndon DN. Burns: military
options and tactical solutions. ] Trauma 2003;54:5207 18.

[2] Ramasamy A, Hinsley DE, Edwards DS, Stewart MP,
Midwinter M, Parker PJ. Skill sets and competencies for the



250 BURNS 40 (2014) 246 250

modern military surgeon: lessons from UK military
operations in Southern Afghanistan. Injury 2010;41:453 9.

[3] Wolf SE, Kauvar DS, Wade CE, Cancio LC, Renz EP, Horvath
EE, et al. Comparison between civilian burns and combat
burns from Operation Iragi Freedom and Operation
Enduring Freedom. Ann Surg 2006;243:786 95.

[4] Holmes T. A system of surgery: theoretical and practical.
London: JW Parker and Sons; 1860.

[5] Berkow SG. A method of estimating the extensiveness of

lesions (burns and scalds) based on surface area

proportions. Archiv Surg 1924;8:138 48.

Ministry of Defence. Joint Service Publication (JSP) 999.

Clinical Guidelines for Operations (Edition 1, Change 3);

2012, Available at http://www.gov.uk/government/uploads/

system/uploads/attachment data/file/79106/20121204 8

AVB CGO Online 2012.pdf (accessed 08.05.13).

Wallace AB. The exposure treatment of burns. Lancet

1951;3:501 4.

Smith JJ, Malyon AD, Scerri GV, Burge TS. A comparison of

serial halving and the rule of nines as a pre hospital

assessment tool in burns. Br J Plast Surg 2005;58:957 67.

Lund CC, Browder NC. The estimation of areas of burns.

Surg Gynecol Obstet 1944;79:352 8.

[10] Bois Du D, Bois Du EF. A formula to estimate the
approximate surface area if height and weight be known.
Nutrition 1989;5:312 3.

[11] Berry CC, Wachtel T, Frank HA. Differences in burn size
estimates between community hospitals and a burn center.
J Burn Care Rehabil 1982;3:176 8.

[12] Berkebile BL, Goldfarb IW, Slater H. Comparison of burn
size estimates between prehospital reports and burn center
evaluations. ] Burn Care Rehabil 1986;7:411 2.

[13] Hammond JS, Ward CG. Transfers from emergency room to
burn center: errors in burn size estimate. ] Trauma
1987;27:1161 5.

[14] Laing JH, Morgan BD, Sanders R. Assessment of burn injury
in the accident and emergency department: a review of 100
referrals to a regional burns unit. Ann R Coll Surg Engl
1991;73:329 31.

[15] Kyle MJ, Wallace AB. Fluid replacement in burnt children.
Br J Plast Surg 1950;3:194 204.

[16] Berry MG, Evison D, Roberts AHN. The influence of body
mass index on burn surface area estimated from the area of
the hand. Burns 2001;27:591 4.

[17] Nagel TR, Schunk JE. Using the hand to estimate the surface
area of a burn in children. Pediatr Emerg Care 1997;13:254 5.

[18] Rossiter ND, Chapman P, Haywood IA. How big is a hand?
Burns 1996;22:230 1.

[19] Yu CY, Hsu YW, Chen CY. Determination of hand surface
area as a percentage of body surface area by 3D
anthropometry. Burns 2008;34:1183 9.

[20] Perry RJ, Moore CA, Morgan BD, Plummer DL. Determining
the approximate area of a burn: an inconsistency
investigated and re evaluated. Br Med ] 1996;312:1338.

[21] Di Lonardo A, Lazzeri D, Pascone C, Agostini T. Total burn
surface area (TBSA): propose of a new objective approach
based on the body mass index (BMI). Burns 2010;36:1138 9.

[22] Freiburg C, Igneri P, Sartorelli K, Rogers F. Effects of
differences in percent total body surface area estimation on
fluid resuscitation of transferred burn patients. ] Burn Care
Res 2007;28:42 8.

[23] Wachtel TL, Berry CC, Wachtel EE, Frank HA. The inter
rater reliability of estimating the size of burns from various
burn area chart drawings. Burns 2000;26:156 70.

6

7

[8

[9

[24] Collis N, Smith G, Fenton OM. Accuracy of burn size
estimation and subsequent fluid resuscitation prior to
arrival at the Yorkshire Regional Burns Unit: a three year
retrospective study. Burns 1999;25:345 51.

[25] Nichter LS, Bryant CA, Edlich RF. Efficacy of burned surface
area estimates calculated from charts the need for a
computer based model. ] Trauma 1985;25:477 81.

[26] United States Army Institute of Surgical Research. Joint
Theater Trauma System Clinical Practice Guideline. Burn
Care; 2012, June. Available from: http://
www.usaisr.amedd.army.mil/assets/cpgs/

Burn Care 25 Jun 12.pdf (accessed 08.05.13).

[27] Knaus WA, Wagner DP, Lynn J. Short term mortality
predictions for critically ill hospitalized adults: science and
ethics. Science 1991;254:389 94.

[28] Ryan CM, Schoenfeld DA, Thorpe WP, Sheridan RL, Cassem
EH, Tompkins RG. Objective estimates of the probability of
death from burn injuries. N Engl ] Med 1998;338:362 6.

[29] Saffle R, Gibran N, Jordan M. Defining the ratio of outcomes
to resources for triage of burn patients in mass casualties. ]
Burn Care Rehabil 2005;26:478 82.

[30] Chung KK, Wolf SE, Cancio LC, Alvarado R, Jones JA,
McCorcle ], et al. Resuscitation of severely burned
military casualties: fluid begets more fluid. ] Trauma
2009;67:231 7.

[31] Chung KK, Salinas J, Renz EM, Alvarado RA, King BT, Barillo
DJ, et al. Simple derivation of the initial fluid rate for the
resuscitation of severely burned adult combat casualties: in
silico validation of the rule of 10. J Trauma 2010;69(Suppl.
1):549 54.

[32] Salinas J, Mclvor PD, Chung KK, Serio Melvin ML, Shields
BA, Miller K]J, et al. Computerized mapping and tracking of
burns. ] Burn Care Res 2010;32(Suppl. 2):5120.

[33] Shingleton SK, Serio Melvin ML, Salinas J, Fenrich CA,
Mann Salinas EA, Peterson CD, et al. Experience of using an
electronic wound mapping system in a burn center. ] Burn
Care Res 2012;33(Suppl. 1):592.

[34] WoundFlow Computerized Mapping and Tracking of
Burns. US Army Medical Technology Transfer, Medical
Research and Materiel Command, Ft Detrick; 2013,
Available at: http://technologytransfer.amedd.army.mil/
assets/docs/abstracts/factsheet WoundFlow.pdf (accessed
08.05.13).

[35] Williams JF, King BT, Aden JK, Serio Melvin M, Chung KK,
Fenrich CA, et al. Comparison of traditional burn wound
mapping with a computerized program. J Burn Care Res
2013;34:e29 35.

[36] Mersey Burns; 2013, http://www.merseyburns.com
(accessed 08.05.13).

[37] Berry MG, Goodwin TI, Misra RR, Dunn KW. Digitisation of
the total burn surface area. Burns 2006;32:684 8.

[38] Neuwalder JM, Sampson C, Breuing KH, Orgill DP. A
review of computer aided body surface area
determination: SAGE II and EPRI's 3D burn vision. ] Burn
Care Res 2002;23:55 9.

[39] Scott Conner CEH, Clarke KM, Conner HF. Burn area
measurement by computerized planimetry. J] Trauma
1988;28:638 41.

[40] Bajwa N, Nowroozi B, Sung S, Garratino J, Maccabi A,
Tewari P, et al. Reflective THz and MR imaging of burn
wounds: a potential clinical validation of THz contrast
mechanisms. In: SPIE Optical Engineering and
Applications; 2012.



